Abstract: Bird population density and their behaviour during non-breeding periods are determined mainly by meteorological conditions which force birds to use alternative strategies -migration to areas with more advantageous conditions or adaptation to existing conditions. During the 2002/03-2004/5 non-breeding seasons in the open habitats of the Kotlina Orawsko-Nowotarska valley (S Poland) studies on population dynamics, behaviour and habitat use of great grey shrike were conducted. Results were grouped into four meteorological periods (autumn, early winter, winter and early spring). Density changes were seen between subsequent seasons (from 0.34 to 1.9 ind./10 km), as well as between meteorological periods (from 0.48 to 2.70 ind./10 km). Perching was the most frequently observed behaviour. The foraging habitats used changed in frequency. In subsequent meteorological periods a decrease of open habitats used was noted with a simultaneous increase in afforestations used. These changes did not depend on lasting snow cover. Changes in vegetation type used during hunting were not observed. Great grey shrikes most frequently used natural perches (trees, shrubs and high vegetation).
Introduction
Bird population density and behaviour during nonbreeding periods are determined by some co-existing factors, including meteorological conditions, such as temperature and lasting snow cover (Górski 1976) . Low temperatures increase the energetic expenditure of wintering birds. Snow cover makes food less accessible and regaining energetic losses more difficult (Górski 1976; Pianka 1981; Karlsson 2001) . This situation forces birds to use alternative strategies -migration to areas with more advantageous conditions or adaptation to existing conditions. Great grey shrike (Lanius excubitor L., 1758) uses both of these possibilities -some of the population migrate and some winter on breeding grounds (Olsson 1984) . Severe meteorological factors sometimes cause the birds to migrate even in winter (Górski 1976; Olsson 1984) . This occurs when adaptation as changes of the food composition and hunting habitat is not effective (Olsson 1984) . Severe winters can be critical and limit the great grey shrike population (Olsson 1984) . Knowledge about wintering strategy and habitat use are important for effective conservation of this species. The aim of this paper is to present population dynamics and habitat shifts of great grey shrike as a response to changing climatic conditions during non-breeding seasons.
Study area
Located in the west of the Carpathians (S Poland), the Kotlina Orawsko-Nowotarska valley is an extensive homogeneous landscape valley. The valley's floor is about 500-600 m a.s.l. It borders the Beskidy Zachodnie (Western Beskid) mountain ranges in the north and foothill ranges in the south (Kondracki 1998) . The local climate of the valley is noted for being continental. The mean temperature of the warmest month (July) is 15.6
• C, and the coldest month (January) is −6.0 • C, with a mean annual temperature of 5.3
• C. Due to the orography of the terrain, thermal inversions occur frequently and temperatures can fall to −35
The first snow usually falls at the beginning of the second decade of October and the last snow usually falls during the first decade of May. There is lasting snow cover for a mean of 83 days, from 26 December to 18 March. There are prevailing west and north-eastern winds (Konček 1974) .
Extensively farmed open valley habitats dominate the Kotlina Orawsko-Nowotarska valley. The terrain is covered extensively with high peat bogs overgrown with mountain pine Pinus mugo and Pinus ×rhaetica as well as pine-spruce forests (Paw lowski 1977 while the rest is afforestations, fragments of poorly developed forests and peat bogs. The largest bog is "Puścizna Wielka", which has been partially devastated by industrial peat mining. Transect II -"Baligówka" -the area is covered equally by hayed or grazing meadows or unused lands. A small percent is arable fields. There is much afforestation.
Transect III -"Ludźmierz" -approximately 70% of the area is hayed or grazed. The remaining part is covered with afforestations and "Krawców-Brożek" peat bog. The percent of arable fields and unused land is small.
A detailed description of the transects and their location in the study area are given elsewhere (Ciach et al. 2006 ).
Methods
Research was carried out during three seasons between the years 2002/03 and 2004/05 from October to March (during the first season from the end of November). Controls were conducted regularly on marked transects in the middle and at the end of each month. All of these transects were controlled the same day. Observers moved on foot and surveyed the terrain carefully with binoculars. Birds were counted within sight, which ranged from 200 to 1000 m on each side of the transect and it was limited by characteristic objects (clumps of trees, forests, routes, buildings) and the topography of the terrain. The transect method underestimates the breeding density of great grey shrike (Tryjanowski et al. 2003) . However, the relative values which it gives are sufficient for monitoring, habitat and behavioural studies. The behavior of observed great grey shrikes was classified into one of the following categories: (a) perching, (b) flying, (c) hovering, (d) vocalisation and (e) interaction. In the case of foraging birds (categories "a" and "c") the type of habitat was described. The place where a bird was first observed was classified into one of the following habitat types: (a) open area -farm land and unused land with single shrubs or trees, (b) afforestations -tree and shrub aggregations in groups, clusters and rows, (c) forest edge -border between forest and open area, (d) dwarfed trees on peat bogs. Vegetation types in the immediate neighborhood of foraging birds were also classified into categories: (a) unused land -area not farmed, covered with high vegetation, (b) meadows -hayed and grazed areas, (c) arable fields, (d) peat bog vegetation. A vegetation patch was considered to be homogeneous when a dominant vegetation form was greater than 60%. Birds which used heterogeneous vegetation patches (when none of the categories was greater than 60%) were classified as feeding in transitional vegetation. Perches were classified into two groups: anthropogenical (artificial landscape elements, such as: power lines, hay stacks, electric fence posts, etc.) and natural (trees and shrubs). Results were grouped into four meteorological periods (Table 1 ) divided on the basis of dates determining thermal seasons as well as the dates of the appearance and disappearance of lasting snow cover (Konček 1974). Weather conditions recorded in successive seasons were similiar to each other and adequate for each meteorological period.
Statistical procedures were performed using Statistica 6 software (StatSoft 2001) according to Zar (1999) .
Results
The median densities of great grey shrike differed significantly in subsequent meteorological periods (KruskalWallis test: H = 8.54, P < 0.05) (Fig. 1) . In autumn and in early spring the density was 1.27 and 2.70 ind./10 km, respectively, and was almost two times higher than in early winter and in winter (0.48 and 0.95 ind./10 km, respectively). It also changed in subsequent seasons from 0. In all meteorological periods perching was the most frequently recorded type of behaviour of great grey shrike (Table 2 ). Other categories were considerably less frequent. Between meteorological periods no significant differences in the frequency of individual behavior categories were seen (Kruskal-Wallis test: H = 4.67, ns).
In subsequent meteorological periods there was a decrease of open habitats used as hunting habitats (from 77.8% in autumn to 36.8% in early spring). However, the use of afforestations increased gradually. This habitat was used during foraging by 14.8% of the birds in autumn and by 47.4% in early spring (Fig. 2) . The use of these habitats in autumn and in early spring differed significantly (G test with correction 7.22, P < 0.01). The foraging habitats used did not differ between periods with and without lasting snow cover (MannWhitney U test: Z = 0.14, ns). Between subsequent meteorological periods, no significant differences were found in individual vegetation types used during foraging (Kruskal-Wallis test: H = 3.65, ns). It also did not differ between periods with and without lasting snow cover (Mann-Whitney U test: Z = 1.59, ns) (Fig. 3) .
Great grey shrikes using natural perches were observed most frequently (N = 106, χ 2 = 69.8, df = 1, P < 0.0000); 90.6% of them used trees and shrubs or herbaceous vegetation. Only 9.4% of the birds were seen on anthropogenical perches (power lines 4.7%, hay stands 1.9%, electric fence posts 0.9% and other objects 1.9%).
Discussion
The Polish population of great grey shrike is considered to be resident or showing short-distance nomadic movements (Tomia lojć & Stawarczyk 2003) similar to other populations from Central Europe (Cramp & Perrins 1993) . During post-breeding seasons the population density of great grey shrike is probably influenced by several factors. During autumn and early spring the considerably higher number of recorded birds results from the presence of a breeding population in a given area. The lower density during winter may be due to the wintering of individual birds, but not pairs (Olsson 1984) . Generally the majority of the males stay in their territories or in their neighborhood (Antczak et al. 2005) . However, the density fluctuations of wintering birds are probably affected by available food which determines the number of wintering birds in breeding habitats. The lack of food forces the birds to look for terrain with better feeding conditions (Olsson 1984) . The changes in density in early winter and in winter can possibly be due to the appearance in the Kotlina Orawsko-Nowotarska valley of birds from neighboring terrains where atmospheric conditions make feeding either very difficult or impossible. However, density fluctuations possibly originate not only from local conditions, but also depend on distant factors (population dynamics, weather conditions) in other parts of the range where some birds may migrate from.
Perching was the most frequently recorded hunting technique of great grey shrike. It may have resulted from the conservative hunting strategy of this species (Cade 1967; Olsson 1984; Schön 1996; Karlsson 2001) . This method of feeding gives excellent results for hunting insects, which make up about 90% of their summer diet (Grönlund et al. 1970; Huhtala et al. 1977; Olsson 1986; Atkinson & Cade 1993; Hromada & Krištín 1996; Karlsson 2002 ). However, in winter insects may comprise a significant part of their diet as well (Haensel & Heuer 1970; Hromada & Krištín 1996) . During a particularly severe winter birds are an alternative food source (Cade 1967; Olsson 1984; Lorek et al. 2000) . Atkinson & Cade (1993) and Karlsson (2001) consider perching as a hunting technique less effective for small vertebrates than for insects. However, the present results show perching as a basic technique probably preferred due to lower energy expenditure. This is especially important for survival during winter. The long lasting snow cover also lowers the effectiveness of hunting and lengthens the time devoted to catching (Olsson 1984; Karlsson 2001) . Perching birds were most often seen in trees, shrubs and green vegetation probably due to the higher availabilty of natural perches in the environment (Olsson 1984) . Other hunting techniques (hovering and chasing birds) were rarely recorded. Their percentage remained at a relatively stable level throughout the year (Huhtala et al. 1977; Karlsson 2001; Karlsson 2002) . A few instances of individual birds co-operating during hunting are known (Hannah 2005) .
Habitat shifts of great grey shrikes recorded during non-breeding seasons can be related to the territorial behavior of wintering birds and their food composition. The increase in the numbers of birds in afforestations is probably due to the territorial behavior of breeding birds which winter in that terrain. The difference in using other habitats probably results from changes in the availability of different types of prey in subsequent periods. Karlsson (2001) suggests that great grey shrike, when hunting insects, prefer low terrain without dense vegetation cover, and for small mammals they select areas with high vegetation. However, in contrast to Karlsson (2001) changes of habitat use due to lasting snow cover were not found.
